This paper describe a numerical analysis of the effects of numerical simulation geometry on fluid solid particles interaction using multi-relaxation time (MRT) lattice Boltzmann method (LBM). A point force scheme was applied for particles-fluid interactionand with MRT-LBM for fluid flow over a cavity to study the effects of various Aspect Ratio (AR) on the efficiency of particles removal. The results show that change in Aspect ratio causes a dramatic different in the flow pattern and particles removal efficiency.
Introduction
Lattice Boltzmann Method (LBM) recently has been proved its self as powerful numerical technique based on kinetic theory for simulating various fluid flow problems [1] . According to the computational review, the notable advantages of LBM are its simplicity of programming, intrinsic parallelism of algorithm, easy and robust handling of complex geometry and others [2] .
Generally, there are several variations of LBM, including the lattice Bhatnagar-Gross-Krook (BGK) model or single-relaxation-time (SRT) model, multi-relaxation-time (MRT) model, and tworelaxation-time (TRT) model [3] . Among these models, the SRT model is the simplest solution for fluid flow simulation which is the most popular lattice Boltzmann model in spite of its deficiencies [4] . However, SRT model may lead numerical instability when the dimensionless relaxation time τ approaches one half [5] . Therefore, MRT model is an alternative method to overcome the numerical instability of SRT which is retain the simplicity and computational efficiency of the SRT model [6] .
Previously, Fang et al. [7] study about transient removal of a contaminated fluid from a cavity; they studied about flow behavior over a cavity by using Navier-Stokes equation approach. Another researcher is Kosinski et al. [8] studied the solid particles interaction between fluid-particle interaction and particle-particle interaction using Eulerian-Lagrangian approach. Moreover, A.C. Hoffmann et al. [9] studied the dust lifting behind shock wave using lagrangian approach. They applied Eulerian-Lagrangian approach and considered the interaction between particle-particle and particle-wall collision. As shown above, there are no attempt was done to explore the potential of fluid-solid particles interaction using MRT-LBM approach.
Therefore, this paper attempts to provide more detailed investigations regarding the effect of numerical geometry which is Aspect Ratio (AR) to the MRT-LBM model simulations of flow over a cavity with solid particles inside a channel. This problem tries to understanding the prediction of fluid solid interaction and tries to make the comparison between current studies method with the benchmark. The mathematical foundation of LBM makes it is suitable tool for fluid-solid interaction prediction. Because of LBM is resolves the fluid flow problem by solving the evolution equation of particle distribution function and models the collision and propagation of particle distribution which is fundamental of the molecular level [10] .
MRT-LBM Model
For MRT-LBM model, the physical space is discretized into uniform lattice nodes. Every nodes in the network is connected with its neighbors through a number of lattice velocities that are to be determined through the selected model.
Recently, Lallemand and Luo [6] suggested that the use of a MRT model could improve the numerical stability. The collision step in velocity space is difficult to perform; it is more convenient to perform the collision process in the momentum space [11] . The multi-relaxation-time lattice Boltzmann equation reads
where f is the distribution function for particles with velocities c at time t . Velocity c is equal to rate of change of position dt per unit time dt . The relaxation matrix S is a diagonal matrix. In compact notation S can be written as;
( ) 
In the present investigation, we only consider point force acting on the particle in a cavity and assume the presence of solid particle gives no effect to the fluid flow. The equation of motion for solid particle is written as = v (5) where m , v and F are the mass of particle, its velocity and drag force acting on particle due to surrounding fluid. Here, the drag force can be written as follow
where A is the projected area of solid particle and D C is the drag coefficient which is defined as 
where, the p Re is the Reynolds number of solid particle and the value of drag coefficient in equation (7) for Reynolds number, 1000 Re 1 < < p .
Numerical Modeling
In this section, the physical domain of the problem is show in Figure 1 
Results and Discussion
The effect of the flow structure inside the channel by MRT-LBM was studied and validated with the Fang et al. [9] at different aspect ratio. Figure 2 show the bench mark results and figure 3 show the flow pattern of flow over a cavity at Re 50 with aspect ratio (AR) AR1 and AR4. The comparison of analytical analysis between MRT-LBM and benchmark results is shown in table 1. The obtained results shows that the MRT-LBM have very good.
(a) (b) Fig. 2 , Fluid behavior at Re = 50, AR4 (a) benchmark [9] (b) MRT-LBM
The obtained results show that the MRT-LBM has very good agreement with the benchmark. We can validate that by using MRT-LBM model will results accurate and more stability of the numerical simulations. In the next analysis, the transient hydrodynamic removal of solid particles at different aspect ratio AR1 and AR4 is presented. Figure 3 shows that the particles removal illustration from a cavity at Re50 with AR4 from a beginning until steady state condition.
Fig. 3, Particles removal from a cavity illustration with AR4, Re5
As we can be seen from figure 4(a) , when the Aspect Ratio was increase, the percentages of particles removal also increase. This is because, bigger Aspect Ratio will results deeper formation of vortex into a cavity. Therefore, this phenomenon will drag the particles into lower region of vortex and the particles will removes from a cavity due to the inertia forces. In the present study, the maximum percentage of particles removal after reach steady state condition is 62% which is at Re50 aspect ratio, AR4. According to the figure 4(b) , the percentages of particles removal were compared between current study and benchmark. By using MRT-LBM method, the percentage of particles removal at AR1 is 12% and AR4 is 62% for Re50. We can see that, benchmark results is quietly closed with the current study and MRT-LBM method is much better numerical stability of the simulations.
Conclusion
In this study, the effect of numerical simulation geometry on fluid solid interaction has been investigate by using multi-relaxation-time lattice Boltzmann method. This work presents the percentage of particles removal increase by increasing the aspect ratio. The rate of particles removal increased during unsteady start-up period and reach maximum value at the steady state condition.
